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Abstract: INFORM is a prospective, multinational registry gathering clinical and molecular data of re-
lapsed, progressive, or high-risk pediatric patients with cancer. This report describes long-term follow-up
of 519 patients in whom molecular alterations were evaluated according to a predefined seven-scale target
prioritization algorithm. Mean turnaround time from sample receipt to report was 25.4 days. The highest
target priority level was observed in 42 patients (8.1%). Of these, 20 patients received matched targeted
treatment with a median progression-free survival of 204 days [95% confidence interval (CI), 99-not ap-
plicable], compared with 117 days (95% CI, 106-143; P = 0.011) in all other patients. The respective
molecular targets were shown to be predictive for matched treatment response and not prognostic sur-
rogates for improved outcome. Hereditary cancer predisposition syndromes were identified in 7.5% of
patients, half of which were newly identified through the study. Integrated molecular analyses resulted in
a change or refinement of diagnoses in 8.2% of cases. SIGNIFICANCE: The pediatric precision oncology
INFORM registry prospectively tested a target prioritization algorithm in a real-world, multinational
setting and identified subgroups of patients benefiting from matched targeted treatment with improved
progression-free survival, refinement of diagnosis, and identification of hereditary cancer predisposition
syndromes.
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INFORM is a prospective, multi-national registry gathering clinical and molecular data 2 
of relapsed, progressive or high-risk pediatric cancer patients. This report describes 3 
long-term follow-up of 519 patients in whom molecular alterations were evaluated 4 
according to a pre-defined 7-scale target prioritization algorithm. Mean turnaround 5 
time from sample receipt to report was 25.4 days. The highest target priority level 6 
was observed in 42 patients (8.1%). Of these, twenty patients received matched 7 
targeted treatment with a median PFS of 204 days (95% CI 99 – N.A.), compared 8 
with 117 days (95% CI 106 – 143; P=0.011) in all other patients. The respective 9 
molecular targets were shown to be predictive for matched treatment response and 10 
not prognostic surrogates for improved outcome. Hereditary cancer predisposition 11 
syndromes were identified in 7.5% of patients, half of which were newly identified 12 
through the study. Integrated molecular analyses resulted in a change or refinement 13 
of diagnoses in 8.2% of cases.   14 
 15 
Significance: 16 
The pediatric precision oncology INFORM registry prospectively tested a target 17 
prioritization algorithm in a real world, multi-national setting and identified subgroups 18 
of patients benefitting from matched targeted treatment and improved progression 19 
free survival, refinement of diagnosis and identification of hereditary cancer 20 
predisposition syndromes.   21 
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Children and adolescents with relapsed, progressive or refractory high-risk malignant 23 
disease have a particularly poor prognosis. Survival rates of less than 20% following 24 
recurrence (1-12) suggest an urgent need for innovative treatment strategies. Based 25 
on the potential therapeutic options discovered in several large-scale pediatric 26 
sequencing projects (13,14), a number of comprehensive pediatric precision 27 
oncology programs such as pediatric MATCH (15), MOSCATO-01 (16), the ZERO 28 
Childhood Cancer Program (17) and the INFORM (INdividualized Therapy FOr 29 
Relapsed Malignancies in Childhood) pilot study (18) have been established over 30 
recent years, as reviewed by Forrest (19), Mody (20) and colleagues. These 31 
programs have identified a spectrum of molecularly actionable variants ranging from 32 
overexpression of targets to copy-number alterations, gene fusions, point mutations 33 
etc. However, the significance and long-term clinical benefit of such comprehensive 34 
and tumor type agnostic precision oncology studies in a real-world clinical setting are 35 
largely unknown for pediatric oncology.   36 
The INFORM registry applies comprehensive molecular profiling in order to provide 37 
information on actionable gene variants, which may be used for subsequent clinical 38 
trial enrollment or experimental treatment approaches (compassionate- or off-label 39 
use). One aim of the INFORM registry and the focus of this report is to prospectively 40 
investigate a pre-defined (18) 7-scale molecular target prioritization algorithm ranging 41 
from “very high” to “very low”, based on the type of alteration and its disease specific 42 
relevance, for its predictive power in a tumor type-agnostic approach. Importantly, the 43 
algorithm relies on functional molecular biological relevance of the target rather than 44 
evidence for clinical activity of a particular compound. The very high priority targets 45 
are directly actionable genetic alterations with a proven link to tumorigenesis in the 46 
specific cancer type. High and moderate priority targets are those with a genetic 47 
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alteration in a known cancer driver or activating an oncogenic pathway, with evidence 48 
either in the malignancy of interest or from other tumor types. Intermediate targets 49 
include genetic hits which sensitize to a given drug (e.g., activate a pathway) with 50 
evidence from tumors other than that being analyzed, or highly overexpressed 51 
oncogenes which are known to drive the specific malignant disease. Borderline and 52 
low priority targets are those involving expression changes in oncogenic pathways or 53 
which otherwise lead to drug sensitivity, with evidence either in the cancer type of 54 
interest or from other tumor types. Very low priority covers those with only 55 
circumstantial evidence of links to actionable drug targets. The registry routinely 56 
documents clinical follow-up, allowing evaluation of clinical benefit for this pediatric 57 
patient group with an urgent medical need.  58 
At the time of the data-cut, 1051 patients had been registered in INFORM, of which 59 
519 patients had completed their clinical follow-up and were included in this analysis. 60 
This report describes prospective testing of a target prioritization algorithm and long-61 
term clinical follow-up data of this large multi-national and comprehensively 62 
molecularly profiled pediatric cohort in a real-world clinical setting.  63 
 64 
RESULTS 65 
Patients and Baseline Characteristics  66 
Between January 21st, 2015, and September 30th, 2019, 1051 patients were 67 
registered. Of these, for 65 patients the inclusion criteria were not fulfilled (most 68 
frequent reason:  no or incomplete samples received (n=27)), for 31 patients samples 69 
were not suitable for molecular analysis and in 29 patients the molecular analysis 70 
was unsuccessful. Patient disposition is shown in Fig. 1. Of the remaining 926 71 
patients, whole exome sequencing (WES), low-coverage whole genome sequencing 72 
(lcWGS) and DNA methylation analysis was successfully performed in almost all 73 
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patients, with RNA sequencing successful for 84.3% of patients. No differences in 74 
profiling success rates were observed between national (German) or international 75 
sites (Supplementary Table S1). Five hundred and nineteen patients had completed 76 
their clinical follow-up of either at least two years, or shorter in case of death or loss 77 
to follow-up and were subsequently included in this analysis. Patients with ongoing 78 
clinical follow-up shorter than 2 years at the time of the data cut (September 30th, 79 
2019; n=407) were not included in this analysis. Patients were enrolled in a total of 80 
72 centers in the following eight countries: Austria (n=5), Finland (n=5), Germany 81 
(n=396), Greece (n=3), Poland (n=2), Sweden (n=36), Switzerland (n=13) and The 82 
Netherlands (n=59). Baseline characteristics are provided in Table 1. A total of 14 83 
different pediatric malignant diseases were included in the study, including a group of 84 
rare diseases (“other”), resulting in a distribution of: 64.5% non-central nervous 85 
system (CNS) solid tumors, 26.8% CNS tumors and 8.7% hematological 86 
malignancies (for details see Table 1 and Supplementary Table S2). To allow young 87 
adults who relapsed after a primary diagnosis during the pediatric age range (e.g., as 88 
frequently encountered with sarcomas), patients could be enrolled up to an age of 40 89 
years, provided that they had had their primary pediatric-type diagnosis below the 90 
age of 21 years. One hundred and two patients (19.7%) were ≥ 18 years at the time 91 
of inclusion. Fifty patients (9.6%) with newly diagnosed very high-risk malignancies 92 
for which no curative treatment exists (e.g., high grade glioma (HGG)) were enrolled, 93 
whereas the others were enrolled upon refractory disease or relapse. The majority of 94 
patients with solid/CNS tumors (66.5%) were metastatic at enrollment.  95 
 96 
Target Identification and Distribution 97 
After enrollment and sample receipt, the mean turnaround time to target reporting 98 
within the context of a molecular tumor board was 25.4 days. Identified targets were 99 
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classified by an interdisciplinary review according to a 7-scale prioritization algorithm 100 
ranging from “very high” to “very low”, as reported before (18). In 446 of the 519 101 
patients (85.9%) at least one actionable target was identified, of which 225 (43%) 102 
were genetically altered targets (priority levels very high, high and moderate) (Table 103 
2). The distribution of the highest priority level target per patient (multiple actionable 104 
alterations could be reported per patient) was: very high 8.1%, high 15.0%, moderate 105 
20.2%, intermediate 23.9%, borderline 14.6%, low 2.3%, very low 1.0% and no 106 
actionable target available 14.1% (actionable target not matching one of the priority 107 
level 0.8%). An overview of all reported actionable targets is provided in 108 
Supplementary Table S3. The most frequent very high priority level targets identified 109 
were ALK mutations, BRAF mutations and NTRK fusions (Supplementary Table S4). 110 
The distribution of the highest priority level target per patient over the different 111 
diagnoses is depicted in Fig. 2. Considering disease groups with relevant case 112 
numbers, it was observed that the highest priority level (very high) mostly occurred in 113 
neuroblastoma and HGG. Priority levels high, moderate and intermediate were more 114 
dominant in rhabdomyosarcoma and osteosarcoma. Ependymoma, Ewing sarcoma, 115 
other soft tissue sarcomas (STS), and other rare solid tumors tended to have a high 116 
proportion of targets of the lowest priority levels only (borderline, low, very low and no 117 
target). 118 
 119 
Treatment and Clinical Outcome 120 
There was a trend to apply matching targeted drugs more frequently in patients with 121 
higher priority level targets than in patients with lower priority level targets (Table 2). 122 
Treatments matching one of the identified potential targets were applied in 147 123 
patients (33.0% of the 446 patients with a potentially actionable target). The targeted 124 
agents applied were mostly small-molecule drugs, as well as immunotherapy 125 
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(targeted antibodies including immune checkpoint inhibitors) in some instances 126 
(Supplementary Table S5a). The median duration of targeted treatment was 92 days. 127 
Seventeen patients were enrolled into clinical trials (3.8% of 446 patients with a 128 
potential actionable target, and 11.6% of the 147 patients who received matching 129 
targeted drugs. One patient was enrolled in two trials). The following matching 130 
targeted drugs were applied in a trial setting: ceritinib (n=3), crizotinib (n=1), 131 
dabrafenib (n=1), larotrectinib (n=5), olaparib (n=2), pazopanib (n=1), ribociclib (n=3), 132 
and tazemetostat (n=2). All other patients received matching targeted drugs off-label 133 
or through compassionate use programs. Further details on drug treatments 134 
matching identified targets are provided in Supplementary Table S5a. During the 135 
study period, potent selective NTRK inhibitors became available (21-23). Outcome of 136 
patients with an NTRK fusion who received an NTRK inhibitor (e.g., larotrectinib) and 137 
patients with an NTRK fusion who received alternative treatment (e.g., since NTRK 138 
inhibitors were not available yet) is summarized in Supplementary Table S5b.   139 
In the time from registration to completed sample receipt, six patients passed away 140 
and five had disease progression and were excluded from the progression-free 141 
survival (PFS) analyses (resulting in 508 evaluable patients). For overall survival 142 
(OS) analysis, the six patients who died before completion of sample receipt were 143 
excluded (resulting in 513 evaluable patients). Median PFS and OS for the whole 144 
cohort were 118 (95% CI 106 – 145) and 290 (95% CI 257 – 343) days, respectively 145 
(survival data for the individual patients can be found in Supplementary Table S2 and 146 
data on the disease level is provided in Supplementary Table S6 and Supplementary 147 
Fig. S1A-F). PFS and OS of all patients who received a matching targeted drug 148 
compared to all patients who did not receive matching targeted drugs did not show 149 
any significant differences (Fig. 3A-B). Of the 42 patients in whom a very high priority 150 
level target was identified, 20 patients received treatment with a matching targeted 151 
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drug (all had at least evaluable disease for response evaluation (almost all 152 
metastatic)). This resulted in a median PFS of 204 (95% CI 99 – N.A.) and OS of 354 153 
days (95% CI 165 – N.A.), compared with a PFS of 117 (95% CI 106 – 143) 154 
(P=0.011) and OS of 290 days (95% CI 256 – 343) (P=0.32) in all other patients (Fig. 155 
3C-D). At baseline, of the 20 patients with a very high priority level target who 156 
received matching targeted treatment, 85% had a Lansky/Karnovsky performance 157 
status between 80 – 100, 10% were enrolled at primary diagnosis, 5% were enrolled 158 
refractory to first line therapy and 75% were enrolled at first or second relapse, 159 
whereas this was the case in 66.3%, 9.6%, 5% and 71.3% respectively in the other 160 
499 patients. Five of 20 patients (25%) with a very high priority level target who 161 
received matching targeted treatment also received other concomitant treatments, 162 
whereas 18 of 22 patients (81.8%) with a very high priority level target who didn’t 163 
receive matching targeted treatment received other conventional treatments 164 
(Supplementary Table S4). Comparison of patients with a very high priority level 165 
target who received matching targeted drugs and those who did not, showed that 166 
patients who did not receive matching targeted drugs had comparable PFS to all 167 
other patients (Fig. 3E-F). Patients who received targeted drugs matching to other 168 
priority level targets did not show a significant PFS or OS improvement (Fig. 3 G-H).  169 
Of the 372 patients who did not receive matched targeted treatment, 298 patients 170 
(80.1%) received other conventional medical systemic treatments, mostly 171 
chemotherapy. For the patients with an actionable target who were not treated with a 172 
matched targeted drug (n=299), the following reasons were reported: disease 173 
stabilized by other conventional therapy (n=86), poor performance status due to 174 
progression of underlying malignant disease (n=71), patient/guardians refused 175 
(n=25), patient deceased before finalization of the molecular analysis and molecular 176 
tumor board (n=22), poor performance status due to toxicity from previous 177 
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treatment(s) (n=13), drug not available (n=13), formulation not available (n=11), 178 
insurance company declined cost coverage (n=6) and various other reasons (n=133) 179 
(n=20 patients with no information available; multiple reasons could be indicated). A 180 
comparable distribution was observed for patients with a very high priority level 181 
targets who did not receive matched targeted treatment.  182 
During the study period, new evidence for certain treatments or relevance of specific 183 
alterations emerged which changed the priority levels for some molecular alterations 184 
(the algorithm itself did not change). A retrospective analysis using priority levels 185 
according to current scientific and medical knowledge did show a change of priority 186 
level for 21.6% of the reported alterations which did not show significantly different 187 
outcomes per prioritization level . Also, new potential biomarkers were reported even 188 
if they couldn’t be confidently ranked by the algorithm (yet). For example, a somatic 189 
BRCAness signature was reported as a potential biomarker for PARP inhibition on 190 
the basis of preclinical data (24), whereas according to current knowledge a 191 
BRCAness signature in the absence of true BRCA-family mutation does not 192 
represent a biomarker for PARP inhibition and accordingly is not reported anymore. 193 
 194 
Diagnosis refinement 195 
DNA methylation analysis and RNA sequencing for gene fusion detection allowed for 196 
reevaluation of tumor diagnosis in specific diseases. For CNS tumor and sarcoma 197 
samples, previously described methylation based classifier scores were applied 198 
(25,26) and furthermore, cancer type defining fusions (like PAX3/7:FOXO1 in 199 
rhabdomyosarcoma or EWSR1-fusions in Ewing sarcomas) were used for 200 
comparison between diagnosis at enrollment (mostly based on histology) and the 201 
molecularly-informed diagnosis. For a total of 257 patients, a statement on molecular 202 
confirmation of diagnosis could be made. Of these, for 240 patients (93.4%) their 203 
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diagnosis was confirmed. Molecular results suggested a change in diagnosis in 17 204 
patients (6.6%) (Ewing sarcoma (n=7), medulloblastoma (n=4), primitive 205 
neuroectodermal tumor (n=2), desmoplastic small round cell tumor (n=1), 206 
osteosarcoma (n=1), ependymoma (n=1) and HGG (n=1) (Table 3)). For the Ewing 207 
sarcoma cases, no typical EWSR1 fusion could be identified based on RNA 208 
sequencing analysis and the DNA methylation analysis classifier score did not reveal 209 
a high score for Ewing sarcoma (26). Thus, these tumors were not considered as 210 
classical Ewing sarcoma and were classified as sarcoma according to the respective 211 
methylation classifier score and/or detected alternative alteration (e.g., in BCOR or 212 
CIC). Notably, four cases registered as recurrent medulloblastoma were indicated as 213 
HGG (n=3) or CNS sarcoma (n=1) by DNA methylation (Table 3). In addition, for four 214 
CNS tumor patients, diagnosis could be further refined, e.g., assignment to specific 215 
subgroups within a tumor type.   216 
 217 
Cancer predisposition 218 
Knowledge about a hereditary cancer predisposition syndrome (CPS) may be critical 219 
for the affected patient as it may influence treatment decisions and inform 220 
surveillance strategies for the patient and potentially affected relatives. During the 221 
informed consent process, patients and/or legal guardians were informed by the 222 
treating physician about the potential benefits and adverse effects the knowledge 223 
about a genetic cancer predisposition may entail. Patients and/or legal guardians 224 
consented to receive any relevant results in 94.2% of cases. We identified 225 
pathogenic or likely pathogenic (P/LP) variants in 39 patients (7.5%) (Supplementary 226 
Table S7a). In 20/39 patients diagnosed with a CPS (51.3%), the cancer 227 
predisposition was first identified through our systematic screening of constitutional 228 
DNA and had not previously been clinically identified (Supplementary Table S7a). In 229 
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our cohort, constitutional P/LP variants were most frequently identified in TP53 (Li-230 
Fraumeni syndrome; 7/39; 17.9%) in patients with osteosarcoma (n=4), HGG (n=1), 231 
undifferentiated sarcoma (n=1) and medulloblastoma (n=1). Four patients were 232 
diagnosed with Constitutional Mismatch Repair Deficiency (CMMRD) caused by bi-233 
allelic P/LP variants in the mismatch repair genes PMS2 (HGG, n=2) or MSH6 (HGG, 234 
n=1; adeno carcinoma, n=1). Constitutional P/LP variants in CHEK2 (Ewing sarcoma, 235 
osteosarcoma and yolk sac tumor) and in SMARCB1 (ATRT) were found in three 236 
patients each. Two patients each carried constitutional P/LP variants in ALK, SDHB 237 
and NF1. Bi-allelic constitutional P/LP variants in BRCA2 (Fanconi anemia) were also 238 
found in two patients (medulloblastoma with homozygous and HGG with compound 239 
heterozygous variants). Six patients carried heterozygous P/LP variants in DNA 240 
repair genes typically associated with adult-onset cancer (ATM, BRCA1, BRCA2, 241 
PALB2, SLX4), for which a driving role in the assessed pediatric tumors was not 242 
clear. Alterations in other genes were found in single patients only (Supplementary 243 
Table S7a).  244 
 245 
DISCUSSION 246 
Data from our INFORM registry demonstrates that comprehensive molecular profiling 247 
in a real world multi-national setting is feasible and beneficial. A turnaround time of 248 
less than four weeks is a clinically relevant window for these high-risk patients and 249 
particularly notable given the tasks carried out within this period: sample logistics, 250 
quality control, WES, lcWGS, RNA sequencing, DNA methylation analysis, 251 
bioinformatics processing, curation of target priorities, and conduction of the 252 
molecular tumor board. The weekly online interdisciplinary molecular tumor board 253 
where targets and potential matching available approved treatments and matching 254 
open trials were discussed with the treating pediatric oncologist has developed into a 255 
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well-recognized forum where expertise is shared and education is offered to its 256 
participants. Importantly, no differences in sequencing success rate were observed 257 
between national and international submissions. With a broad variety of pediatric type 258 
hematological malignancies, solid- and CNS tumors represented, INFORM is truly 259 
agnostic to disease type. Notably, hematological malignancies were somewhat 260 
underrepresented because of the availability of effective 2nd and 3rd line treatments 261 
and studies.  The collection of long-term clinical follow-up data allowed for the initial 262 
identification of subgroups that may benefit from matched targeted treatment: 263 
patients with a very high priority level target who received matching targeted 264 
treatment had a significantly longer PFS compared to all other patients. In addition, 265 
molecular analyses added important diagnostic specifications and identified 266 
previously unknown hereditary cancer predisposition in a considerable number of 267 
patients. 268 
In 43% of patients, a genetically altered target was identified (priority levels very high, 269 
high and moderate), which is lower when compared to other pediatric molecular 270 
profiling platforms (e.g., MOSCATO-01 60.9% and ZERO 71.4% (16,17)). This 271 
discrepancy can be explained by a different definition of actionable altered genes 272 
(e.g., somatic TP53 mutations were not considered actionable in INFORM). 273 
Importantly, “actionable" refers to a detected molecular alteration or affected pathway 274 
which theoretically would be targetable by an approved drug or an investigational 275 
agent, and does not take into account the availability of a respective drug or trial, 276 
particularly in regard to the pediatric population. This may explain the discrepancy 277 
between the number of actionable targets identified and the number of patients 278 
treated accordingly in INFORM. Furthermore, the methods used for ranking of 279 
actionable alterations, e.g. differentiation between genetic and non-genetic 280 
alterations differ between the platforms. The ZERO program applies five levels 281 
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(Tiers) (27) of supporting evidence based on the level of clinical or preclinical 282 
evidence in the respective disease (17), whereas the INFORM algorithm applies 283 
seven levels of functional molecular biological relevance (18). These differences in 284 
prioritization should be taken into account when comparing the clinical outcomes of 285 
both platforms. It will be very interesting to compare PFS and OS of both platforms 286 
according to both ranking systems at the time the ZERO program is going to publish 287 
long-term follow-up, too (currently only response data are available) (17). When 288 
comparing with classification systems used by adult oncology platforms like 289 
MASTER, which applies a similar molecular diagnostic platform as INFORM, one 290 
notices that most systems rely on clinical evidence (28). For example, the highest 291 
level used in MASTER (NCT/DKTK level m1A) is based on data from a prospective 292 
study or a meta-analysis in the same tumor type (29). In MASTER, 17.6% of patients 293 
received treatment recommendations of NCT/DKTK levels m1A-C (clinical data 294 
collected in the same histologic entity) which at this moment is an unobtainable 295 
standard in pediatrics since, unfortunately, such clinical evidence is only rarely 296 
available in this population (justifying the more functional biological approach used by 297 
INFORM).  298 
The reported survival data of the population under study  is in line with previous 299 
reports of pediatric patients in a phase I/II setting (3,30), which underlines the 300 
enormous medical need in this population. We observed a doubling of PFS for 301 
patients with a very high priority level target who received matching targeted 302 
treatment compared to all other patients. The baseline performance status of the 303 
patients with a very high priority level target who received matching targeted 304 
treatment was slightly better compared to all other patients and in this group, 305 
neuroblastoma and HGG were overrepresented. The disease status at enrollment 306 
was comparable in both groups, with 80.1% of all patients who were not treated with 307 
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a matched drug receiving conventional oncological treatments (mostly 308 
chemotherapy) - which illustrates that most patients were at least in sufficient clinical 309 
state to be able to receive further therapy. By design an immortal time bias is 310 
observed for patients receiving matching targeted treatment because progression or 311 
death in this group could not occur before start of targeted therapy.  Poor 312 
performance status due to progression of underlying malignant disease was one of 313 
the most frequent reasons for not applying matched targeted agents. Importantly, 314 
comparison of patients with a very high priority level target who received matching 315 
targeted drugs and those who did not, showed that patients who did not receive 316 
matching targeted drugs had comparable PFS to all other patients and thus 317 
confirmed that the respective molecular aberrations are likely predictive for response 318 
to a targeted drug and not prognostic for improved outcome. At the start of the 319 
registry, a follow-up period of only 2 years was planned (since it was not expected 320 
that a relevant number of patients would be alive after 2 years). This could be the 321 
reason for not detecting a significant OS difference between target priority levels, in 322 
addition to sample size and non-standardized administration of other local and 323 
systemic therapies.  324 
Inherent to its design as a registry with its non-interventional regulatory status, there 325 
are a number of obvious limitations to this study. A registry does not define the 326 
treatment of choice (e.g., the use of different ALK inhibitors for the same alteration in 327 
the same disease), neither does it exclude other treatments in addition to matching 328 
targeted treatment. However, since other treatments are applied in all patient 329 
categories, this is likely not of relevance for the observed difference in PFS. 330 
Furthermore, the fraction of patients with a very high priority level target who received 331 
matching targeted treatment as well as other concomitant treatments was low and it 332 
seems unlikely that the improved PFS can be explained by concomitant treatment. It 333 
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could however dilute weaker signals of e.g. lower priority level targets. Furthermore, 334 
eligibility criteria are less strict than in clinical trials. In addition, response evaluations 335 
are neither defined with regards to timing nor method (in contrast to clinical trials), 336 
and therefore not considered an appropriate outcome measure. Still, due to the high 337 
a priori chance of relapse in this high-risk population, “progressive disease” does not 338 
depend much on the response evaluation method applied. Therefore, its use for e.g. 339 
PFS determination is considered feasible. Data quality (consistency, accuracy and 340 
completeness) of registries like INFORM are hampered by the lack of on-site 341 
monitoring, audits and inspections (31), which are especially important for items like 342 
medication information and safety data. Therefore, extensive central monitoring was 343 
applied in INFORM to reduce errors and incompleteness as much as possible. 344 
Finally, with regard to time-dependent endpoints, a registry like INFORM has a 345 
different baseline definition (completed sample submission and full registration) 346 
independent of treatment (or several treatments) as compared to a clinical trial. 347 
However, despite the limitations of a registry, INFORM has the major advantage that 348 
it collects clinical follow-up of all patients regardless of molecular alterations and 349 
treatments under real world clinical conditions, in contrast to clinical trials which are 350 
mostly confined to a defined population with a malignancy harboring a certain 351 
biomarker and a respective drug combination.  352 
Unfortunately, compared to adult oncology with numerous new innovative trials, 353 
biomarkers and drugs, pediatric oncology is still lagging behind in access to new 354 
compounds (32) - which is clearly exemplified by the low number of patients in the 355 
INFORM registry enrolled in clinical trials. Optimally, molecular diagnostics should be 356 
offered to patients already at an earlier stage during their disease course and not 357 
only at a stage when precision oncology is essentially “the last hope”. Notably, in 358 
INFORM, 32.6% of patients received molecular diagnostics only at second or later 359 
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relapse. A protocol amendment allowing for enrolment in an earlier disease stage is 360 
currently under discussion within the steering committee. Furthermore, despite the 361 
availability of a genetically altered target (priority levels very high, high and 362 
moderate), 62% of patients did not receive a targeted agent at all. Surprisingly, 52% 363 
patients with a very high priority level target did not receive targeted treatment. 364 
Rational combination treatment regimens are important since pathway redundancy, 365 
tumor evolution and molecular crosstalk make it unlikely that targeted monotherapies 366 
will result in durable responses, especially not in advanced late-stage cancers (20). 367 
The clinical outcome data supports the requirement of biomarker-driven, cross-entity 368 
phase I/II combination trials, as articulated by the INFORM pilot study and others 369 
(18,32). As such, the INFORM consortium has initiated the INFORM2 series of multi-370 
national biomarker-driven seamless phase I/II combination trials (33). In addition, 371 
other groups have also started large pediatric trial initiatives, e.g. the European 372 
AcSé-ESMART study (clinicaltrials.gov identifier: NCT02813135) and pediatric 373 
MATCH in the U.S.A (15). The first INFORM2 trial (INFORM2 NivEnt, 374 
clinicaltrials.gov identifier: NCT03838042) is currently recruiting and further INFORM2 375 
trials are in preparation. In parallel, the INFORM registry will create a continuously 376 
growing data base for future personalized clinical trials.  377 
In addition to the identification of actionable alterations, the application of the 378 
previously described DNA methylation-based classifier for CNS tumors and 379 
sarcomas (25,26) as well as the detection of disease-specific fusions by RNA 380 
sequencing contributed to the reevaluation of tumor diagnoses. In a considerable 381 
number of cases, changes of the registration diagnosis or refinements were 382 
suggested based on molecular results. This is very important for further treatment 383 
decisions independent of particular targets.  384 
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Our data demonstrate that a significant fraction of pediatric malignancies develops on 385 
the background of a CPS, which is often not clinically evident, although some 386 
predispositions, e.g., Li-Fraumeni syndrome, may require adaptation of treatment 387 
(e.g., for medulloblastoma; clinicaltrials.gov identifier: NCT02066220). Since INFORM 388 
primarily enrolls patients with high-risk tumors, certain CPS are underrepresented, 389 
e.g., NF1 associated with low-grade glioma or RB1 associated with retinoblastoma. 390 
In INFORM, we also identified a number of heterozygous alterations in genes 391 
involved in DNA double strand repair and more prominently known to predispose to 392 
adult-onset cancers, e.g., hereditary breast and ovarian cancer (ATM, BRCA1, 393 
BRCA2, PALB2 or SLX4). In two of these cases, analysis revealed somatic loss of 394 
heterozygosity in the tumor, directly supporting a potential contribution of the event in 395 
constitutional DNA to tumor initiation or evolution. Still, some of these constitutional 396 
variants potentially are not directly related to the tumor and may represent incidental 397 
findings, although this requires a more detailed prospective investigation. 398 
Comparably stringent criteria and varying composition of predefined lists containing 399 
known cancer predisposition genes may partly explain different rates of reported 400 
constitutional variant findings between our study and e.g. the ZERO program (17). In 401 
order to be reported, pathogenic/likely pathogenic variants affecting autosomal 402 
recessive genes required a clear association with the respective malignancy or a 403 
second hit. In addition, we did not report on findings in clear adult-onset cancer 404 
predisposition genes, e.g., HOXB13 or ATR. 405 
In conclusion, the INFORM registry has demonstrated that comprehensive and entity 406 
agnostic pediatric precision oncology in a real world, multi-national setting is feasible. 407 
The prioritization algorithm identifies subgroups of relapsed, progressive or high-risk 408 
pediatric cancer patients benefitting from matched targeted treatment with improved 409 
PFS. For this population with an enormous medical need and particularly poor 410 
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prognosis, this can be considered as a hopeful start. Furthermore, molecular 411 
characterization of the tumors allows for refinement of diagnosis in some patients and 412 
identification of underlying CPS. This achievement has been acknowledged by the 413 
German health insurance companies and negotiations to include INFORM 414 
diagnostics in their insurance coverage are ongoing. Despite the steadily decreasing 415 
costs of next generation sequencing, this would be an important sustainability 416 
strategy in regards of the still increasing number of samples submitted. To support 417 
such financing models in Germany and other participating countries in the future, a 418 
health economic impact analysis is planned as an objective in the still ongoing 419 
registry. In the majority of patients, only lower priority level molecular alterations 420 
could be identified and these could not be shown to be associated with improved 421 
outcome when treated accordingly. Next to the methodological limitations of a 422 
registry, an important reason for that can be that the relation between target and 423 
targeted drug is not always sufficiently tested. A systematic preclinical in vivo 424 
evaluation of targeted compounds in pediatric disease models is warranted, e.g. 425 
through ITCC-P4 (https://www.itccp4.eu). By doing that, we will learn more about 426 
predictive biomarkers and the priority algorithm can be adapted accordingly. In 427 
addition, we propose that next-level precision oncology programs should include 428 
further layers of molecular and functional data (e.g., gene signatures, liquid biopsy 429 
methodologies, single cell sequencing technologies, proteomics, drug sensitivity 430 
profiling), include patients at an earlier time point, and involve combination therapy 431 
strategies in order to hopefully increase the proportion of patients that may 432 
experience a clinical benefit.  433 
 434 
METHODS 435 
Study Design, Eligibility and Patients 436 
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The INFORM registry is a prospective, non-interventional, multi-center, multi-national, 437 
and feasibility registry collecting clinical, functional and molecular data. In a weekly 438 
online tumor board, potential matching drugs and trials were discussed by an expert 439 
panel and the treating pediatric oncologist. The treating oncologist was involved in a 440 
direct discussion with the expert panel allowing for education and practical support, 441 
including a discussion on matching open clinical trials and available approved drugs. 442 
The use of target information for clinical decision making was the responsibility of the 443 
treating pediatric oncologist. After a pilot phase (18), the registry opened January 444 
21st, 2015. A clinical follow-up of 2 years for all patients was planned (longer follow-445 
up allowed). All patients who had finished their clinical follow-up, either at least 2 446 
years, or shorter in case of earlier study participation termination (e.g., if the patient 447 
deceased or was lost to follow-up), on September 30th, 2019 were included in this 448 
report. Patients registered after October 1st, 2017 and still alive and with ongoing 449 
follow-up less than 2 years were not included in this report. In patients where the 450 
samples were not suitable for molecular analysis and/or molecular analysis was 451 
unsuccessful, no further clinical follow-up was performed. The registry is still ongoing.  452 
Eligible patients had clinically suspected refractory/relapsed/progressive malignant 453 
disease and received a biopsy (solid and CNS tumors) or bone marrow aspiration 454 
(e.g., leukemia) as part of their standard of care treatment at their local pediatric 455 
oncology center. Eligible pediatric diagnoses included high risk acute lymphoblastic 456 
leukemia (ALL), ALL after stem cell transplantation (SCT), Acute Myeloid Leukemia 457 
(AML), Non-Hodgkin lymphoma, desmoplastic small round cell tumor, Ewing 458 
sarcoma, malignant rhabdoid tumor, neuroblastoma, osteosarcoma, 459 
rhabdomyosarcoma, other soft tissue sarcoma, ependymoma, HGG (including 460 
diffuse-intrinsic pontine glioma (DIPG)), medulloblastoma and other pediatric cancers 461 
including rare tumors like nephroblastoma, hepatoblastoma, retinoblastoma, 462 
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malignant endocrine tumors, germ cell tumors and others. Patients with primary 463 
diagnosis of HGG (including DIPG), soft tissue sarcoma, embryonal tumor with 464 
multilayered rosettes (ETMR), rare tumors, and exceptional other cases, for which no 465 
curative treatment is established, could already be enrolled at primary diagnosis. To 466 
allow young adults who relapsed after having had their primary diagnosis at pediatric 467 
age (e.g., sarcoma), patients could be enrolled up to an age of 40 years, provided 468 
that they had their primary pediatric type diagnosis before the age of 21 years. 469 
Patients should have measurable disease and no established curative treatment 470 
options should be available. A life expectancy > 3 months and sufficient general 471 
condition (Lansky ≥ 50 or Karnofsky ≥ 50) were requested.  472 
The study was conducted in accordance with Good Clinical Practice guidelines and 473 
the Declaration of Helsinki. All patients or their legally acceptable representative, or 474 
both (if possible), provided written informed consent. Approvals for the study protocol 475 
(and any modifications thereof) were obtained from independent ethics committees 476 
and the institutional review board at each participating center. The study was 477 
registered with the German Clinical Trial Register, number DRKS00007623. 478 
 479 
Outcomes 480 
The primary objectives of the INFORM registry were (a) to establish logistics for 481 
personalized treatment (on an (inter)national scale), (b) to establish a comprehensive 482 
database providing information about individual druggable targets with parallel 483 
documentation of clinical follow-up and (c) to investigate a pre-defined molecular 484 
target prioritization algorithm, based on the type of alteration and its disease specific 485 
relevance, as described before (18), for its prognostic and predictive power in a 486 
tumor type agnostic approach. Secondary objectives included further evaluation of 487 
clinical benefit (PFS and OS), potential diagnostic refinements by molecular methods 488 
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like DNA methylation analysis and identification of possible hereditary predisposition 489 
syndromes.  490 
 491 
Procedures 492 
Patients were recruited in Austria, Finland, Germany, Greece, Poland, Sweden, 493 
Switzerland, and The Netherlands. Before enrollment, the Society for Pediatric 494 
Oncology and Hematology in Germany (GPOH) study group of the respective cancer 495 
type or the respective national coordinator for other countries was consulted by the 496 
treating center to confirm eligibility. Written informed consent was obtained by the 497 
local treating physician and the patient was registered in a globally accessible web 498 
portal  (MARVIN, XClinicalTM) in a pseudonymized fashion. Fresh frozen tumor 499 
material of the current refractory/relapsed/progressive disease as well as matching 500 
non-malignant material (EDTA blood, saliva) was submitted. After centralized 501 
sequencing/molecular analysis, raw data was subjected to bioinformatics processing 502 
and biological filtering, resulting in a list of prioritized actionable targets. The definition 503 
of "actionable" refers to a detected molecular alteration or affected pathway which 504 
theoretically would be targetable by an approved drug or an investigational agent in 505 
any phase of clinical development, either directly or indirectly in the affected pathway 506 
(16). Alterations included copy number alterations, SNVs, InDels, gene fusions, 507 
outlier expression of individual genes, expression of fusion transcripts. In a weekly 508 
online molecular tumor board, an expert panel consisting of molecular biologists, 509 
pediatric oncologists including the GPOH coordinator of the respective disease (or 510 
the respective national coordinator) and pharmacologists discussed, reviewed and 511 
prioritized the identified targets together with the treating pediatric oncologist. 512 
Potential matching drugs and trials were also discussed together, however, the 513 
registry did not give treatment recommendations (Giving treatment recommendations 514 
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would be an intervention and would be an interventional clinical trial according to the 515 
German Medicinal Products Act) The use of target information for clinical decision 516 
making on an individual basis remained exclusively in the responsibility of the treating 517 
pediatric oncologist. Thereafter, the targets were deposited in the globally accessible 518 
web portal as the final target report. The treating physician had password secured 519 
access to their patients’ data deposited in the web portal. They could use the 520 
molecular target information for clinical decision making on an individual basis. 521 
Reporting and discussion of the molecular target information and potential matched 522 
treatments and trials with patients and their family was performed by the treating 523 
physician, too. Disease evaluations were performed according to routine standard of 524 
care in line with (inter)national disease specific guidelines. Clinical and molecular 525 
baseline- and follow-up data, including (concomitant) treatments, of all patients were 526 
prospectively documented in the web portal by the treating center. Clinical outcome 527 
data were centrally monitored in the web portal for plausibility and completeness by 528 
INFORM research physicians supported by data management. If necessary, queries 529 
for the local sites were generated in the web portal. At baseline, medical history and 530 
treatment were checked for plausibility and completeness by research physicians in 531 
preparation for the online molecular tumor board.. During follow-up, data 532 
management monitored for completeness at regular intervals. After follow-up was 533 
finished and documentation was completed by the local sites, research physicians 534 
checked treatment and response data for plausibility. No site monitoring was 535 
performed. 536 
A predisposition to cancer (CPS) may be critical for the affected patient as it may 537 
influence treatment decisions but could also impact carriers within the family. Prior to 538 
any analyses of constitutional DNA, patients and/or legal guardians received genetic 539 
counseling. To allow for a more precise interpretation of somatic variants detected in 540 
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tumors, constitutional DNA isolated from white blood cells, alternatively from saliva, 541 
was sequenced in parallel. Variants identified in tumor tissues were reviewed in the 542 
constitutional genetic code from normal blood cells to infer true somatic mutations. If 543 
the patient and/ or legal guardians had consented to investigation for a genetic 544 
cancer predisposition during the informed consent process, constitutional DNA of 545 
each patient was screened for damaging alterations in a predefined list of 157 known 546 
cancer predisposition genes (Supplementary Table S7b). Potential constitutional 547 
alterations were assessed by human geneticists according to American College of 548 
Medical Genetics and Genomics (ACMG) criteria (34) and only likely pathogenic 549 
(ACMG class 4) or pathogenic (ACMG class 5) variants with a probable relation to 550 
the patient’s cancer diagnosis were reported to the treating physician and genetic 551 
counseling of the patient and the family was recommended. Constitutional variant 552 
findings were only incorporated in the target prioritization if they represent an 553 
actionable target. 554 
 555 
Molecular Profiling and Prioritization Algorithm 556 
Within the INFORM pilot phase between October 2013 and January 2015, logistical 557 
and analytical pipelines necessary for rapid and comprehensive molecular profiling in 558 
a clinical setting have been established and described before (18). In brief, fresh 559 
frozen tumor material and non-malignant DNA (e.g., from blood sample) was 560 
subjected to WES, lcWGS, RNA sequencing, RNA-based gene expression array and 561 
DNA-methylation. RNA sequencing data were used for identification of actionable 562 
fusion genes and for assessment of outlier gene expression of actionable genes in a 563 
given sample compared to a within- and across-malignant disease type reference 564 
series. The platform has an overall validation rate of 99.3% (range: 98.2 – 100%) 565 
across the three test systems (WES, RNA-Seq, WGS) used. Only those variants 566 
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receiving a ‘high-confidence’ score based on an in-house quality assessment were 567 
considered. This metric takes into account features such as mappability of the region, 568 
coverage at the position, strand bias of reads, number of variant reads in the control 569 
sample etc.  No strict cut-off in terms of variant allele fraction (VAF) are applied, but 570 
in practice the quality score gives a lower VAF limit of approximately 0.05 for reported 571 
variants. 572 
As previously described (18), actionable and tumor biologically relevant findings were 573 
prioritized in a standardized way based on a 7-scale score ranging from “very high” to 574 
“very low”, depending on the alteration type and its disease specific relevance. As 575 
new evidence for certain treatments or relevance of specific alterations emerged 576 
during the study period, the target priority level could change over time. For the 577 
present analysis, the priority levels reported back to the treating physician after the 578 
respective interdisciplinary review were used. 579 
 580 
Statistical Analysis 581 
Survival time was defined as time since all necessary samples were received for 582 
molecular analysis. Patients who died or had a disease progression in the time 583 
between registration and sample receipt completion, were excluded from the PFS 584 
analyses. Patients who died in the time between registration and sample receipt 585 
completion, were excluded from OS analyses. OS is defined as time since all 586 
necessary samples were received to death from any cause. PFS is defined as time 587 
since all necessary samples were received until progression or death. PFS and OS 588 
comparisons were performed by log-rank tests. 589 
 590 
Data Availability 591 
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WES, lcWGS, RNA sequencing and methylation data generated by this study are 592 
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Table 1. Patient baseline demographic and disease characteristics. 
Abbreviations: CNS, Central Nervous System; DIPG, Diffuse Intrinsic Pontine Glioma 
 
Table 2. Priority level distribution (highest priority level per patient). 
 
Table 3. Molecular diagnosis change or refinement 
Patients for whom molecular results suggested a change or refinement in diagnosis. 
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Figure 1. Patient disposition 
a Registered after 01-OCT-2017 and still alive and with ongoing follow-up (since 
regular follow-up of 2 years not complete) at the data cut. 
b At least 2 years of regular follow-up completed, lost to follow-up or deceased. This 
includes patients registered after 01-OCT-2017 who were lost to follow-up or 
deceased. 
 
Figure 2. Distribution of the highest priority level target per patient over diagnoses. 
For each patient, only the highest priority level target is included. ALL, Acute 
Lymphoblastic Leukemia; AML, Acute Myeloid Leukemia; NHL, Non-Hodgkin 
Lymphoma; Other heme, other hematological malignancies; DSRCT, Desmoplastic 
Round Cell Tumor; EWS, Ewing Sarcoma; MRT, Malignant Rhabdoid Tumor; NB, 
Neuroblastoma; OS, Osteosarcoma; RMS, Rhabdomyosarcoma; STS, Soft Tissue 
Sarcoma; ATRT, Atypical Teratoid Rhabdoid Tumor; EPN, Ependymoma; HGG, High 
Grade Glioma (incl. DIPG); MB, Medulloblastoma; CNS, central nervous system. 
*Including four patients with a target not matching one of the priority levels. 
 
Figure 3. Survival analyses. A, PFS of patients separated by application of matching 
targeted drug vs. all other patients (P= 0.967). B, OS of patients separated by 
application of matching targeted drug vs. all other patients (P= 0.144). C, PFS of 
patients separated by application of matching targeted drug in very high priority level 
patients vs. all other patients (P= 0.011). D, OS of patients separated by application 
of matching targeted drug in very high priority level patients vs. all other patients (P= 
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0.32). E, PFS of patients separated by application of matching targeted drug for very 
high priority level patients vs. very high priority level patients who didn’t receive 
matching target drugs vs. all other patients (P= 0.034). F, OS of patients separated 
by application of matching targeted drug for very high priority level patients vs. very 
high priority level patients who didn’t receive matching target drugs vs. all other 
patients (P= 0.518). G, PFS of patients separated by application of matching targeted 
drug for very high priority level patients vs. high, moderate and intermediate level 
patients vs. borderline, low and very low level patients vs. all other patients who didn’t 
receive matching target drugs. H, OS of patients separated by application of 
matching targeted drug for very high priority level patients vs. high, moderate and 
intermediate level patients vs. borderline, low and very low level patients vs. all other 
patients who didn’t receive matching target drugs.  
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Characteristic (at enrollment) Received matching 
targeted drug 
Not received matching 
targeted drug 
N   147 372 
Median age (range), y   13 (0 - 36) 12 (1 - 40) 
Sex (%) Female 58 (39.5) 164 (44.1) 
Male 89 (60.5) 208 (55.9) 
Lansky/Karnovsky 
performance status (%) 
50 4 (2.7) 15 (4.0) 
60 2 (1.4) 18 (4.8) 
70 19 (12.9) 44 (11.8) 
80 26 (17.7) 89 (23.9) 
90 46 (31.3) 92 (24.7) 
100 34 (23.1) 61 (16.4) 
Missing  16 (10.9) 53 (14.2) 
Disease status (%) Primary diagnosis 11 (7.5) 39 (10.5) 
Refractory to first line therapy 8 (5.4) 18 (4.8) 
Relapse 1 71 (48.3) 198 (53.2) 
Relapse 2 33 (22.4) 69 (18.5) 
Relapse ≥ 3 23 (15.7) 44 (11.8) 
Unknown 1 (0.7) 4 (1.1) 
Diagnosis (%) Hematological malignancy 8 (5.4) 37 (9.9) 
Acute lymphoblastic leukemia 3 (2.0) 20 (5.4) 
Acute myeloid leukemia 3 (2.0) 12 (3.2) 
Non-Hodgkin lymphoma 1 (0.7) 5 (1.3) 
Other 1 (0.7) 0 
Solid tumor 101 (68.7) 234 (62.9) 
Desmoplastic small round cell tumor  2 (1.4) 6 (1.6) 
Ewing sarcoma  14 (9.5) 51 (13.7) 
Malignant rhabdoid tumor  1 (0.7) 9 (2.4) 
Neuroblastoma  21 (14.3) 51 (13.7) 
Osteosarcoma  17 (11.6) 23 (6.2) 
Rhabdomyosarcoma 15 (10.2) 49 (13.2) 
Other soft tissue sarcoma 18 (12.2) 20 (5.4) 
Other 13 (8.8) 25 (6.7) 
CNS tumor 38 (25.9) 101 (27.2) 
Atypical teratoid rhabdoid tumor 3 (2.0) 5 (1.3) 
Ependymoma  7 (4.8) 20 (5.4) 
High grade glioma (incl. DIPG)  20 (13.6) 46 (12.4) 
Medulloblastoma  5 (3.4) 18 (4.8) 
Other  3 (2.0) 12 (3.2) 
Metastatic disease (% of non-hematological malignancies) 99 (71.2) 216 (64.5) 
N subjected to molecular analysis at multiple time points, e.g. 
sequential relapses (%) 
17 (11.6) 28 (7.5) 
 
Table 1. Patient baseline demographic and disease characteristics. 
Abbreviations: CNS, Central Nervous System; DIPG, Diffuse Intrinsic Pontine Glioma 
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Priority level Highest priority level for which 
patients received matched 
targeted drug 
Highest priority level per patient 
(all patients) 
Very high 20 (13.6%) 42 (8.1%) 
High 31 (21.1%) 78 (15.0%) 
Moderate  24 (16.3%) 105 (20.2%) 
Intermediate  33 (22.4%) 124 (23.9%) 
Borderline 26 (17.7%) 76 (14.6%) 
Low 6 (4.1%) 12 (2.3%) 
Very low  2 (1.4%) 5 (1.0%) 
Not applicable 5 (3.4%) 4 (0.8%) 
No target 0 73 (14.1%) 
Total 147 (100%) 519 (100%) 
 
Table 2. Priority level distribution (highest priority level per patient). 
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round cell tumor 
no Sarcoma (not further classifiable) RNA Seq / DNA methylation 
INF_R_037 Ewing sarcoma no Sarcoma (not further classifiable) RNA Seq / DNA methylation 
INF_R_075 Ewing sarcoma no Sarcoma (not further classifiable) RNA Seq / DNA methylation 
INF_R_101 Ewing sarcoma no Sarcoma (not further classifiable) RNA Seq / DNA methylation 
INF_R_262 Ewing sarcoma no Melanoma RNA Seq / DNA methylation 
INF_R_119 Ewing sarcoma no Sarcoma with BCOR alteration RNA Seq / DNA methylation 
INF_R_228 Ewing sarcoma no Sarcoma with CIC alteration RNA Seq / DNA methylation 
INF_R_557 Ewing sarcoma no Sarcoma with CIC alteration RNA Seq / DNA methylation 
INF_R_463 Osteosarcoma no 
Malignant peripheral nerve sheath 
tumor 
DNA methylation 
INF_R_263 Ependymoma no 
CNS high-grade neuroepithelial 
tumor with BCOR alteration 
DNA methylation 
INF_R_003 High grade glioma no 
CNS high-grade neuroepithelial 
tumor with BCOR alteration 
DNA methylation 
INF_R_131 Medulloblastoma no Sarcoma (not further classifiable) Histology / DNA methylation 
INF_R_013 Medulloblastoma no 
High grade glioma (not further 
classifiable) 
DNA methylation 
INF_R_223 Medulloblastoma no 
High grade glioma (not further 
classifiable) 
DNA methylation 
INF_R_118 Medulloblastoma no 
High grade glioma of receptor 









no Pineoblastoma DNA methylation 
INF_R_057 High grade glioma yes (refinement) Infantile hemispheric glioma DNA methylation 
INF_R_292 High grade glioma yes (refinement) Infantile hemispheric glioma DNA methylation 




yes (refinement) K27M-mutated high grade glioma DNA methylation 
 
Table 3. Molecular diagnosis change or refinement 
Patients for whom molecular results suggested a change or refinement in diagnosis. 
Cancer Research. 
on October 27, 2021. © 2021 American Association forcancerdiscovery.aacrjournals.org Downloaded from 
Cancer Research. 
on October 27, 2021. © 2021 American Association forcancerdiscovery.aacrjournals.org Downloaded from 
Cancer Research. 
on October 27, 2021. © 2021 American Association forcancerdiscovery.aacrjournals.org Downloaded from 
Cancer Research. 
on October 27, 2021. © 2021 American Association forcancerdiscovery.aacrjournals.org Downloaded from 
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on August 9, 2021; DOI: 10.1158/2159-8290.CD-21-0094 
 Published OnlineFirst August 9, 2021.Cancer Discov 
  
Cornelis M. van Tilburg, Elke Pfaff, Kristian W Pajtler, et al. 
  
targets
outcome and benefit for patients with very high-evidence 



































Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
.http://cancerdiscovery.aacrjournals.org/content/early/2021/07/29/2159-8290.CD-21-0094
To request permission to re-use all or part of this article, use this link
Cancer Research. 
on October 27, 2021. © 2021 American Association forcancerdiscovery.aacrjournals.org Downloaded from 
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on August 9, 2021; DOI: 10.1158/2159-8290.CD-21-0094 
